In the present study we analyzed how
It is known that during aging and in several pathological conditions such as ischemia/reperfusion, stroke, and neurodegenerative diseases, the production of ROS overcomes the activity of the endogenous antioxidant systems (2, 3) . ROS such as hydroxyl radical (HO), superoxide anion (Ofl, and hydrogen peroxide (H202) may attack cell components like the protein thiol (SH) groups, unsaturated fatty acids, and nucleotides, leading to cell injury (4) .
The extracellular excitatory amino acid (EAA) levels are regulated by "high-affinity" and "low-affinity" transport systems found in neuronal and glial cells (5) . The dysfunction of these transport systems and the consequent abnormal elevation of extracellular EAA levels constitute one of the major components of excitotoxicity (2, 6) . The toxicity of EAA and of ROS are considered interdependent mechanisms.
Indeed, it was reported that 1) oxidative stress conditions increase the release of EAA (2, 7), 2)
Correspondence. (11, 12) and by using cultured retina cells (13, 14) . The retina, like the brain, is also very susceptible to oxidative stress because it has a high rate of oxygen consumption, is enriched in polyunsaturated fatty acids, and is poor in antioxidant defenses (4, 15 ) and 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) was from NOVO Nordisk (Dcnmark).
All other chemicals used were purchased from Sigma Chemical Co.
Preparation of cell cultures
Retina cells were isolated from 8-day-old chick (White Leghorn) embryos, essentially as described previously (16) (17) (18) . Briefly, the retinas were dissected free from other eye tissues and incubated with 0.1% trypsin in a Ca2-and Mg2-free
Hank's balanced salt solution (CMF)
for 15 mm at 37#{176}C. The digested tissue was centrifuged at 140 X g.
for 1 mm, and the pellet was washed once with BME supplemented with 5% fetal calf serum. The digested retinas were then dissociated mechanically by aspirating the tissue 14 times through a large-bore 5 ml glass pipette. The cells were cultured in BME buffered with 20 mM Hepes and 10 mM NaHCO3, and supplemented with 5% fetal calf serum, penicillin (100 U/mI), and streptomycin (100 xg/ml). The cells were plated at a density of 0.4 X 10" cells/cm2 in six-well cluster plates, coated with poly-L-lysine (0.1 mg/mI). and cultured for 6 days at 37#{176}C
in a humidified atmosphere of 5% C02/95% air.
A preparation similar to the one used in this study was shown to be highly enriched in anacrine-like neurons (19 Cultured retina cells were incubated in Na* medium in the presence (peroxidized cells) or in the absence (control cells) of ascorbic acid (1.5 mM) and ferrous sulfate (7.5 M) for 15 mm at 37#{176}C. The extent of the peroxidative process was evaluated by determining the production of TBARS and of conjugated dienes. The cell viability was determined by measuring the leakage of lactate dehydrogenase (LDH) and the reduction of MYF (see Materials and Methods). Data are means ± SE of three-six experiments.
P < 0.001 as compared with control cells.
scribed (24) . LDH leakage into the extracellular medium was expressed as a percentage of the total enzyme activity in the cells. The cell injury evoked by ascorbate/Fe2 was also analyzed by the M'll' test (25) . This assay is based on the reduction of 3- 
RESULTS

Oxidative stress induced by ascorbateIFe2
In the present study, ascorbate (1.5 mM) and Fe2 (7. 5 .tM) were used to induce nonenzymatic peroxidation of retinal cells in culture by promoting the formation of reactive oxygen species (ROS) through the iron-catalyzed Flaber-Weiss reaction (4). These oxygen species are highly reactive and can initiate chain reactions, such as lipid peroxidation, that can alter the structural integrity and function of the cells. To determine the extent of peroxidation, we measured the production of thiobarbituric acid reactive substances (TBARS) and of conjugated dienes, since the selection of only a single test to monitor peroxidation could give misleading results (26) . Table 1 or not to the oxidant pair (see Fig. 2 and Fig. 4 ). The effect of antioxidants on the extent of peroxidation was also evaluated ( In the present study, we used a-tocopherol acetate because the incorporation of this type of Vit E is faster than that of atocopherol succinate. Moreover, cx-tocopherol acetate appears to be the best form to use in media supplementation, because a-tocopherol succinate may have cytotoxic effects due to its ester groups (28) . To determine the preincubation time and the concentration of Vit E acetate that inhibits the peroxidation under our experimental conditions, we tested the effect of 50, 100, or 200 jiM Vit E added to the culture medium for periods of time ranging from 2 to 24 h. It was observed that 100 jiM and 200 j.tM of Vit E protected completely against peroxidation, as measured by the production of TBARS, only after 24 h preincubation. At 50 jiM Vit E did not prevent completely the production of TBARS, even after 24 h preincubation (Fig. 3) . Therefore, we tested the effect of 100 jiM Vit E on the uptake of (P>0.05) the formation of lipid peroxidation products in cells exposed to ascorbate/Fe2 ( Table 2 ). The antioxidant effect of DMSO, which is probably due to its SO groups (29) , may account for part of the small protecting effect of Vit E on the uptake of D-[3Hiaspartate by cells subjected to the oxidant pair (Fig. 2) .
Melatonin was reported to be a potent free radical scavenger (3, 30 Figure   4 shows that 20 jiM ONO-RS-082 or the chelation of free fatty acids with fatty acid-free BSA had no significant effect on the uptake of D-[3Hlaspartate by control and peroxidized cells. These two agents had no effect on the extent of peroxidation induced by ascorbate/ Fe2 (data not shown "The cells were exposed or not to ascorbate/Fe2 for 15 mm in the presence or absence of the indicated concentrations of Vit E, melatonin, GSH, and Dli' as indicated in Materials and Methods. A preincubation with the antioxidants for 10 mm in Na medium was performed when melatonin, GSH, or DTT was tested. When the effect of Vit E was determined, it was added to the culture medium 24 h before exposing the cells to ascorbate/Fe2*. The effect of dimethyl sulfoxide (DMSO, used as a vehicle for Vit E and melatonin) was also tested. The quantification of TBARS and of conjugated dienes was performed as described in Materials and Methods. Data are means ± SE of three-six experiments. 5* P < 0.01 *** P < 0.001. as compared with cells in the same experimental conditions in the absence of antioxidants.
ionotropic glutamate receptor antagonists, is similar to that of control cells, exposed or not to the antagonists (35 system against the effect of oxidative stress, and even enhanced the uptake above the control value (Fig. 2) The cells were exposed or not to the oxidant pair in the absence of the antioxidant, and thereafter incubated in the absence of antioxidants or in the presence of GSH (4 mM), DTT (4 mM), melatonin (2 mM), or MK-801 (10 jiM) plus CNQX (10 jiM) for 60 mm (Fig. 5) than that determined immediately after the 15 mm exposure to the oxidant pair (Fig. 2) .
DISCUSSION
The molecular mechanisms involved in the dysfunction of the EAA transport system and in excitotoxicity that occurs in several neurodegenerative diseases are not completely understood (2) . In the present study we show that oxidative 1) a significant (P<0.001) rise in the formation of TBARS as well in conjugated dienes was observed in cells exposed to the oxidant pair, and 2) the leakage of LDH, as well as the reduction of the MIT, were not affected by these oxidative stress conditions (Table 1) . Therefore, the peroxidized cells used in the present study were active, and the inhibition of D-[3H]aspartate uptake under the oxidative stress conditions used cannot be attributed to the loss of cell In retina cells, D-[3H}aspartate uptake was almost completely abolished when Na4 was replaced by NMG and when the uptake assays were performed at 0-4#{176}C (Fig. 1) , indicating that this uptake is Na dependent and mediated by a protein carrier and not due to a nonspecific transport. The concentration of D-[3H]aspartate (5.5 nM) used in the uptake assays was much lower than the Km value for the low-affinity uptake system. Therefore, it can be concluded that under our experimental conditions the uptake of D-[3H]aspartate by retinal cells was mediated by a high-affinity transport system.
To determine whether the effect of oxidative stress on the activity of the EAA transporter (or transporters) of cultured retina cells was due to modifications in the protein or in the lipidic environment, we studied the effect of several ROS scavengers on the extent of lipid peroxidation and on D-[3H]aspartate uptake. Vitamin E is known to incorporate into the cell membranes to suppress fatty acid oxidation.
This antioxidant contributes with hydrogen atoms from its phenolic hydroxyl group to lipid-derived peroxyl radicals, thereby preventing the propagation of lipid oxidation reactions (28, 46) . Figure 3 (Fig. 2) . Accordingly, it was reported that melatonin, besides its scavenging activity, can also protect biomolecules from free radical damage or can even be a reducing agent (47) .
Reduced glutathione is considered a hydrophilic antioxidant, acting as a substrate for glutathione peroxidase in the removal of H202, as a disulfide reducing agent, or as a thiol substrate (36) . The thiol group of this antioxidant is able to reduce free radical sites from biomolecules generated by the attack of ROS (50) . Dithiothreitol is a thiol compound that selectively reduces disulfide bonds (37) . GSH (4 mM), as well as DTF (4 mM or the fatty acid chelator BSA had no significant effect on the activity of the transporter, both in control and in peroxidized cells (Fig. 4) . It is possible that the AA released did not reach high enough concentrations to affect the activity of the EAA transporter.
In A persistent inhibition of glutamate uptake was also observed in rat cortical astrocytes exposed to xantine/ xantine oxidase (35) . Figure 5 shows 
